The concept of energy density has been formulated in terms of stress tensor in general relativity. The spin vorticity of electron has been hidden in the energy-momentum tensor and plays a significant role in the dynamics of electron. The dynamics of electron spin is driven by the antisymmetric component of the stress tensor of electron through the vorticity. The symmetric component of the stress tensor of electron drives the tensorial energy density of chemical reactivity.
Introduction
The spin of electron is a central issue in modern chemistry and the relativity theory of electron is the key to understand its dynamical behavior, where the inherent spin-orbit coupling is realized in between spin and orbital-angular-momentum. Imagine a bulk magnet. The magnet is phenomenologically composed of many magnetic domains. Each magnetic domain has its unique spin, which is the average of spin density within the domain. An applied magnetic field should invoke the new torque of spin and may change the spin density of electron within or through the domain wall. The dynamics of electron spin has recently been of keen interest particularly in the field of spin torque transfer in spintronics; see recent reviews [1] [2] [3] and references cited therein. Our recent prediction is that even if the spin torque does exist in the stationary state, it is exactly cancelled out by the zeta force originating from the chiral structure of electron [4] [5] [6] . The external magnetoelectric perturbation disturbs the intrinsic balance in between the spin torque and the zeta force, which makes the state nonstationary. We have reported some preliminary numerical data of the spin torque and zeta force for atoms and chiral molecules [7] [8] [9] .
Of course, realistically, in addition to the spin of the electrons, the complexity origin of the magnetic spin can be either from the motion of electrons or nuclei, where the spin torque combinations totally can be treated by the equations of motion of angular momentums augmented by the ad hoc nuclear spin or more fundamentally the quark spin with the non-Abelian gauge; all formulated in our preceding paper [4] .
We have formulated the concept of energy density in terms of stress tensor in general relativity [5, 6] . It is revealed that the time-evolution of the spin of electron is driven by the antisymmetric component of the stress tensor of electron through the vorticity. The symmetric component of the stress tensor of electron drives the tensorial energy density of chemical reactivity [6] . The electronic tensile stress is visualized as the spindle structure which binds a pair of the electronic drop regions R D 's separated from each other through the electronic atmosphere region R A with the interface S which separates them [4] . The spindle structure is mathematically proved to appear at any region where the new Lewis electron pair is formed in association with in-phase overlap of orbitals, like in between a pair of H atoms [10] . The spindle structure is hidden where out-of-phase overlap of orbitals overwhelms the former, like in between a pair of He atoms [10] , where the resulting compressive stress pushes back the electron in the remote electronic drop region R D from the adjacent electronic atmosphere region R A through J. Comput. Chem. Jpn., Vol. 13, No. 1, pp. 18-31 (2014) the interface S which separates them. The consequence is the no-formation of the new Lewis pair of electrons. There appears no spindle structure. The spindle structure is also hidden where a pair of atomic nuclei are so closely combined, like in between a pair of C atoms in C 2 H 2 [11] . Since the R D , R A and S are measures of the kinetic energy density, which defines physically the intrinsic shape of atoms and molecules, they are also used to define the intrinsic electronic transition state along the course of the reaction coordinate [12] .
Covalency is the rule of the Lewis electron pair formation.
Unlike covalency, metallicity may not be measured by a single bond order [13, 14] . In the case of metallic interaction, imagine a pair of metallic atoms which are associated with unpaired electron situated far away from each other. The tensile stress pulls up electron in the remote electronic drop region R D to the adjacent electronic atmosphere region R A through the interface S which separates them. The consequence is the formation of the new Lewis pair of electrons. The spindle structure of covalency is universal even in this sense. However, this fact demonstrates that the metal atom itself may not be sufficient to determine metallicity, where the question itself may be even meaningless. This is because metallicity may be the property of the condensed matter. Actually, as the distant pair of metallic atoms comes closer, metallicity of the condensed matter is the rule of unbinding the Lewis electron pair once formed.
Finally, in the condensed matter, we may not be able to observe the spindle structure of covalency in its strict sense. But if an atom which is associated with unpaired electron were going to be separated from bulk metal, then the spindle structure should emerge. This proves the emergence of covalency prerequisite to condense separated atoms into the bulk metal. The metallicity may be characterized by liquid with isotropic compressive stress in the ultimate case. The electrons contributing to the bulk metallicity behave like gluons that bind quarks, in such a way that in metal bulk as condensed matter the bond order may be small and behave as a weak bond, but once an atom is going to be separated from bulk metal the spindle structure appears as if the bond should behave to be very strong. In other words, before condensation, the bulk metallicity emerges at first stage as the long-range intrinsic electronic transition state associated with the spindle structure: the long-range Lewis pair formation.
In a molecule AB composed of atoms A and B, the Heisenberg uncertainty principle allows an electron to diffuse away from each atomic center to which it belongs. The diffusive force is the tension compensating the Lorentz force exerting from each atomic center. The tension vector fields originating from A and B mutually colliding to form separatrix which discriminates each region of atomic center. The separatrix is called the Lagrange surface [4] .
In this paper, we shall formulate the energy density concept in terms of the stress tensor in general relativity for the unified treatment of spin dynamics and chemical reaction dynamics.
We may first quickly review basic mathematics. The coordinate x with the contravariant components x µ and the covariant components x µ and the metric tensor Mathematical details follow our recent publications [4] [5] [6] [10] [11] [12] 15, 16] . Only quoted here is the basic symmetry of chiral decomposition of electron spinor as follows.
The spinor ( ) 
This representation of chiral spinor plays a fundamental role in the description of the Parity-violation energy in the standard model of elementary particles [4] .
Using the Pauli matrix σ
the spin density of electron is then written in the bilinear covariant form as the axial vector (pseudovector):
which is the spatial part of the 3 rd rank antisymmetric tensor.
Under symmetry of the general coordinate transformation, half the vorticity of the electron spin,
to the kinetic momentum of electron: the quantum electron spin vorticity principle [6] .
Also we have the chiral decomposition of electron current
are given in Eq. (1.5). Namely, the spatial part of the current density is given by the difference in the chiral parts of the spin density.
The chiral decomposition of the chiral current 5 
is found to be For future technology of spintronics and photonics, the interaction of chirality of electron spin with another particle such as nucleus and photon should play an important role. Furthermore, the general relativity has recently been of vital importance in our daily life in particular for ultra-high precision communication with artificial satellite (e.g., GPS). The intrinsic formulations of the quantum electron spin vorticity principle and the energy density concept presented in this paper should help us understand the importance of stress tensor in modeling of materials of technological importance and chemical reactions.
Symmetry of the General Coordinate Transformation

Variation principle
In the variation principle of gravitation here in this paper, the where R is the Ricci scalar, R µν is the Ricci tensor, L is the Lagrangian density, and κ is the Einstein gravitational constant defined by using the universal gravitational constant G as
The Lagrangian density for the quantum electrodynamics (QED) system under external gravity is then given by using the gauge field A µ for photon and the tetrad (vierbein) field a e µ for gravity [5] as
with the definition Now, the symmetric energy-momentum tensor T µν in Eq.
(2.12) is given as 
The T µν satisfies the conservation law
Also the angular momentum tensor
satisfies the conservation law
Energy density
In the limit to the Minkowski spacetime, the electronic com- 
with the electromagnetic energy H γ , the Poynting vector G  , and the Maxwell stress tensor σ  . The conservation law Eq.
(2.26) of energy and momentum P µ is then reduced to
The conservation law Eq. (2.28) of angular momentum is also reduced to ( ) ( ) 
The physical meaning is revealed if we take the limit to the 
The second is vorticity of spin:
Since the vorticity is a solenoidal vector field, the rotation of electron spin s  may be given by integration in the starlike domain using the rotation of torque t  as the driving force:
where we have used the zeta force ζ The applications to the other particles are also interesting.
For example, for chiral spin-1/2 Fermion with the non-Abelian gauge potential, analogous equation of motion of spin has been found [4] . Another example is the Majorana particle, which is neutral [6] .
Rigged Field Theory
In application to chemical reaction dynamics, we have Rigged QED theory where nuclear degrees of freedom is treated in a unified manner with QED [4] . We shall here examine the ap- Figure 1 . Symmetry of the stress tensor of electron.
proximate treatment of the Rigged QED and call it Primary Rigged QED.
Rigged QED
Since we plug in the nuclear fields, we may first distinguish electron by the obvious suffix "e" in such a way as where the gravitational potential is neglected. We have electron spin vorticity here but no spin vorticity for nuclei.
We get with obvious notation the momentum conservation
and the angular momentum conservation law
The virial theorem is again used to obtain 
Primary Rigged QED
We make approximation to electron as with Eq. The virial theorem is then reduced from Eqs. (3.7-10) to 
The electronic tensile stress is visualized as the spindle struc- 
Examples
We shall show some examples of the vorticity of spin and energy density. We neglect, for the sake of simplicity, the vector potential of photon and the nuclear motion.
Spin vorticity of the Dirac electron
Plane wave of electron
We may first examine the spin density for free electron satisfying the Dirac equation 
In the rest frame attached to electron, the charge density, Eq.
(1.9) and the chiral spin density, Eq. (1.5), are then
In the inertial frame attached to observer, we have instead
where the spin-orbit coupling (polarization) appears in the chiral spin density. The polarization may be combined to give ( ) 
Now we have the null vorticity:
The null vorticity rots  does not contribute to the kinetic momentum.
Plane-wave radiation field
The Volkov solution of the Dirac electron under a plane-wave radiation field
is given as
Let the asymptotic free boundary condition with the 3 rd ei-
Assume then for simplicity, first, radiation field propagates along the 3 rd axis associated with the electric field along the 1 st axis and the magnetic field in the 2 nd axis:
and, second, the electron propagates along the 3 rd axis asymptotically:
It follows that the charge density and the spin density are given as ( ) ( )
The vorticity rots  is calculated to be 
Liquid character: propagating wave mode of tensionless electron
Let an electron be bound in the same box of rectangular cuboid but assume the size be extremely large 
and the tension 
which should be so since the internal force may not be null in inner R ⊂ Ω but null in outer Ω .
As to the trace of the electronic stress tensor 
Using the virial theorem, we confirm that half the trace of 
Conclusion
The concept of energy density has been developed using stress tensor machineries. The energy density concept has been essential in the quantum field theory and the stress tensors are used ubiquitously for description of internal forces of matter.
They have been originally formulated by Pauli [21] in quantum mechanical context with the differential force law showing that it can be derived from the divergence relations applied to the energy-momentum tensor under general situations in the presence of electromagnetic fields, while the basic idea dates back to Schrödinger [22] .
We have shown a new picture of electron spin torque derived from the symmetry with the general coordinate transformation.
The concept of energy density has been formulated in terms of stress tensor in general relativity. The spin vorticity of electron has been hidden in the energy-momentum tensor and plays a significant role in the dynamics of electron. The dynamics of This work is supported by Grants-in-Aid for Scientific Research on Priority Areas from the Ministry of Education, Culture, Sports, Science and Technology, Japan.
